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Following is the translation of an article by
V. Yaroshenko, Ukrainian institute of Communal
:.ygiene, published in the Russian-language period-
ical Vop. Sanit. 3akt. Virus., 1965, pages 84--96._7

(Experimental Investigations)

The role of factors of the surrounding medium, including air
and objects of the wo-king unit, in the spreading of pathogenic
microbes and viruses has been established both experimentally and
by clinico-epideLiological observations. Therefore the clearing
up of the details of the aerial method of spreading pathogenic
microbes among people creates the prerequisite for an active attack
on this process, and by this promotes the development of measures
for preventing the development ,nd spreading of airborne infections.
The danger of a bacterial (viral) aerosol depends not only in its
stability, but also the capacity of the pLathogenic microorganisms
to preserve their viability and virulence wihile existing in the air.
it is necessary to note, however, that the duration of survival and
preservation of biological activity (virulence) by pathogenic mi-
crobes, including hemolytic staphylococci and streptococci, in the
air and on objects of the working unit have still been studied
insufficiently.

Ths first works on the study of survival of microorganisms
which are suspended in the air were carried out in the thirties of
the current century* aving sprayed broth cultures of pneumococci
and hemolytic and viriaans streptococci, and also the diphtheria
bacillus in an air medium, 'i. Wells and 'i. Stone (1934) established
that these microorganisms remain viable in the air for 48 hours.

According to the findings of S. S. Rechmenskiy (1944), beta-
hemolytic streptococcus, when sprayed in the air of an isolation
room at a temperature of 16-170 and humidity of 6 0- 6 5 o, preserves
its viability in the aerosol for 20 hours. As established by tne
author, tho viability and virulence (for white mice) of this micro-
organism, which had settled out from the aerosol onto glass par-
titions in the room, were preserved for 5 days. In the experiments
of V. I. Vashkov and Ye. K. Serebryakovaya (1954) hemolytic strep-
tococcus, suspended in the air of an experimrntal room, was detected
19 hours after a suspension of it was sprayed.



G. Schecrimeister and L. Goldberg (1950), in stLdyai;t:ie sta-
bilit-y of Jtreptococcus zoooiieicus in Uir at a to..,e,eaturo of
18-20 and relative huidity of 68-42po, established at teir uar-

vival in an aerosol depends on the nature of the liquid in wvhich t:ie
microbial suspension being sprayed was preparud. The longest sur-
vival rate was observed in an aerosol from a suspension on tryptoso-
phosphate broth witn 1§' bovine serum. i. ,iells (195w), while ouserv-
ing viability of v-rious microbes which wore spryed in the air at
room temperature and 70o relativc humiulty, showed that staphylococcus
is quite stable in an aerosol state, It was detected in the air on
the 6th day after the experiment was set up.

V. V. Vlodavets (1956), while studying the colloidal-chemical
properties of an aerosol of Staphylococcus albus, detected that at
high indices of humidity (79-91%) the concentration of microbes in
the dust-borne and droplet phases decreases rapidly. At a lowhumidity (23-35%) staphylococcus is preserved longer in the air in
both phases of the aerosol. L. P. Perlina (1955) studied tne sur-

vival of virulent staphylococcus in the dust-borne phase of an aerosolunder the influence of natural factors of the external medium. Tile
experiments were set up on test objects (wool and cotton) which were
sown with a culture of staphylococcus, both protected by protein and
also devoid of this protection. The author showed that staphylococci,
protected by a protein membrane, in the dust-borne phase in diffuse
light survived from 194 to 216 days and preserved their virulence
for 12e--170 days. If the same staphylococci were deprived of the
protein protection, then in the dust-borne phase they remained viable
for several days.

It was established in the observations of I. A. Zlatoust (1957)
that Staphylococcus aurous, sown on surrounding objects (fragments
of cotton tissue) in the form of the droplet phase of an aerosol,
under conditions of darkness at room temperature preserves its via-
bility and biological properties for 84 days. Following the admission
of daylight in the room situation tne sta.:anylococci on the same
objects were preserved for 42 days, but losses of their biological
properties set in in tho 3rd week.

It can be seen from the cited literature review that data on
the influence of tfmperature and relative humidity, and also other
natural factors of the external mediumv on the survival of pathoenic
staphylococci and streptococci in the air and on surrounding objects
are very limitcd. lioreover the rgults of oozarvation6 c ilucted by
different investigators on the periods of survival of these micro-
organisms in the external environmert are quite contradictory.

The objects of our investigations were oultures of hemolytic
staphylococcus (7 strains) and hemolytic streptococcus (4 strains)
which were freshly isolated from patients. ll the strains of staphy-
lococous possessed well expressed hemolytic properties, caused the
coagulation of citrate plasma of rabbit blood in 4-6 hours, and
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causc d t J: cath of white .ice in 72 '-ours followin:; intrapcritoneal
a dinistrat:on. Hcrolytic streptococci were charactv.Lzeca by tyical
morphological and cultural properties, and also virulence for vite

T.Ce tests were set up in an her:etic chamber with a capacity of
160 liters tt temperature ranges which are encountered undor natural
conditions: from 14 to 290 and a relative humidity from 45 to 87o.

For obtaining the droplet phase of the aerosol we used suspen-
slons of 24-hour cultures of the microorganisms being tested. ker-
osols were created with the help of an electric inhaler under tne
action of a compressor. The inhaler made it possible to obtain drops
with a diameter of 2-3 microns. The process of spraying the suspen-
sion of microbes lasted for several seconds. As liquids for suspend-
ing the 24-hour cultures of microbes we used: distilled water, meat-
peptone broth, blood serum, physiological solution of sodium chloride
and saliva.

2or creating the dust-borne phase of the aerosol we used the
dust fron an inhabited accommodation. The dust, which was collected
with the help of a vacuum cleaner, was passed twice through a sieve,
disseminated on Petri dishes, and sterilized with dry heat at 1600
for 2 hours. The sterile dust was sown with a culture suspension
of staphylococcus or streptococcus with a density of 20--30 billion
microbial bodies in 1 ml. Subsequently the seeded dust was treated
by tahe method described by V. V. Vlod.vets (1960). The dust-borne
phase of the aerosol was created in the above mentioned chamber by
means of spreying dust, sown with the microorganisms being tested,
with the help of a powder blower. As a result of the spraying (20-
-60 rag of contaminated dust) an aerosol was obtained in the chaniber
which had a particle size within limits fram 2 to 50 microns.

The tests were reproduced both in still air and also in an air
medium which was found in constant motion. in the latter case for
sustaining the movement of the air a two-blade blower was mounted on
the bottom of the chamber. it operated at a rate of 40 rpm.

in various periods of time after sowing of the air medium r'
the chamber samples of air were taken by the sedimentation (cup) and
aspiration (Rechimenskiy bacteria trap) methods. For detection of
streptococcus we used Garro medium, and for staphylococcus - salt
aCgar.

For collection of air samples by ti,, sodimentation method two
cups with the corresponding selective medium were exposed in the cham-
ber (5 minutes each time). After this exposure the disnes were
removed from the chamber and incubated for 24 hours at 370 . The num-
ber of colonies from a series of these dishes, successively exposed
in the chamber up tc 24 hours from the onset of seeding of tae air,



made it possible to determine the intensity of scdi:mer';ation of ,)arti-
cles from tiic aerosol of thc microbe boin- tested.

The numbcr of viablo microbes which remained suapcridcd in to
air was detcrmined by ti- aspiration method. i'or this .urposu 10
liters of air was passed throujh t:ie hech enskiy bacueria tra.) after
the presence of the correspondingj microorfanizm in the air was no
longer recorded by the cup method. The lieuid Ci-o,a the bacteria
triap ,:a inoculatod on e saI:1o !7ectIvo 1n.odi. '21ho soe1inL s wore
incubated for 24 hours at 370, Based on tne nuober of colonies
which g-rew on tne dishes with the selective media, recalculated for
the volume of air passed, we established the number of via le speci-
mens which remained in a suspended state in the air medium of the
chamber.

A series of tests was set up for studying the survival of staphy-
lococcus and streptococcus, suspended in the air in the droplet phase
of an aerosol, depending on the temperature of the surrounding medium.
As tae investigations showed, the iost stable were aerosols which
were formed on distilled water with 1% serum.

The results of these tests by individual groups are presented
in figures 1 and 2. As can be seen from tmredata given in tile drawings,
with an increase of air temperature there is a regular decrease in
the number of both streptococci and staphylococci which are isolated
from the aerosol, i.e., under these conditions their death is speeded
up.

Thus, at a temperature of 22-250 in 6 hours after spraying of a
suspension of staphylococci 28.7 microbes was revealed, wiile at a
temperature of 14-170 in this same interval 4 5.3o remained viable.
In 12 hours 22; of the stapAylococci remained viable in zzne first
case, while in the second case 32.51 of the microbes remained viable
in t,1e air. And, finally, after 4 days at a temperature of 22-250
0.7Zo of the staphylococci remained viable, and at a temperature of
14-16o they were isolated in the proportion of 8.2 3. It is necessary
to note that in the last. case (at 14-1C" ) staphylococci were isolated
(0.5%) from the air still on the 8th day after creation of the aerosol.

An analogous regularity is observed in tne series of tests rel-
ative to the survival of hemolytic streptococci in the aroplet phase
of an aerosol under the same conditions. At a temperature of 21-250
quite rapid death of streptococci is recorded. Thus, in 6 hours
after spraying of a suspension of this microbe 3.5,. of streptococci
is isolated from the air (96.5% perished). At a temperature of 14-160
in this same interval 18% of the streptococci remained viable. In
the course of 72 hours the air of the chamber was already practically
sterile, since in samples of test and control investigations strepto-
cocci were not detected,

In comparing the results of these tests it is possible to note

that streptococoi are loes stuble in air than staphylooooci.
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Fisure 2. Survival of streptyococci in the air o a chamber avarious tempertures.
Key: (a) Staephylococi in % (b) hours; (c)a;() Duration of srain

observa9ion
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Figure 1. Surviwal off strephyooccj. in he air of a hamber atvarious emperatures.Key: (a) Staphyoocci in ; (b) hours; (c) duays d uaion of srain
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in these series of tests tic humidity of the air varied insiC-
nificantly (fluctuations were recorded with limits from 40-bo o to
43-b9%). Therefore it can be considered that here the tested micro-
organisms died mainly due to the te-aperature influence, ince the
latter changed within considerable lidits (from 14 to 250). -1parently
under these test conditions humidity did not play a si-;nificant role.

For clearing up the influence of humidity on the survival of
streptococci und staphylococci which are suspended in tae air a
special series of tests was set up in two variants. In the first
variant the investigations were conducted at a comparatively low
temperature (16-170); in the second variant, conversely, at a higher
(27-290) temperature. In both variants a compprison was made of toe
influence on these microorganisms of a relative air humidity within
limits of 40-57 and 84-921'. The increase of relative humidity of
the air was achieved by wetting it wita water vapor.

The results of the investigations by groups of tests in this
series are given in Table 1. As can be seen from the data in Tablt l,
at a temperature of 16-17o and increased relative air humidity there
is an increase in the survival rate of staphylococci which are sus-
pended in it. Thus, in 30 minutes after spraying of a suspension of
staphylococci the number of microbes isolated from moist air (test)
comprised 13& relative to the number of microbes detected in dry air
(control); in 60 minutes the number of viable microbes in the test
investigations comprised 145j, in 2 hours - 142., and in 4 hours -
131.-. it follows from this that at a temperature of 16-170 for the
entire extent of the test (duration of 4 hours) in moist air more
staphylococci were revealed in a corAparison with dry air. Conse-
quontly, an increase of relative humidity at a comparably low tem-
perature under conditions of an enclosure (16-17° ) promotes the more
prolonged survival of stap!ylococci.

In the third Croup of tests, conducted with an aerosol of
streptococci at the same tomperature (lb-16 0 ), in 30 and 60 minutes
after spraying of a susponsion of microbes in moist air a Greater
number of microbes was detected (correspondingly 126 and ll) than
in dry air, just as in tro previous group of tests* Subbequently#
however, an opposite phenomenon is observed, i.e., a decrease in the
number of streptococci under conditions of moist air (test) in com-
parison with non-moist (control). Thus, in 2 hours the number of
streptococc. detected at increased hur.idity comprised 72', and in
4 hours - 56, relative to the nwu.ber of taem in dry air. Thus an
increase of relative humidity has a positive influence on the stabil-
ity of streptococci in the air only in the first 60 minutes arter
they have been sprMyed. Later, conversely, In moistened air the
intensified death of streptooocoi is recorded in comparison with
dry air*
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in the second and fotuxth -;roup6 of tests, condUcted at t te-
perature of 27-290, an incroaso of rclativo IuLiidity dici not cxert a
favorable ini'luence on the stability of taese iricroorj- anJ_;:-s in air.
Under these conditions both at a low (.40-60,) and hijh (BO-*,2,)
humidity the quite rapid death of streptococci and ta:yltcoCCL as
noteu. Hero it is necessary to stress tliat under tao Con..]L;1o,
created for the entire ')orioa o' taco test stre,.Lococci wv:r,' srai<ted
fro.n the air in a lesser quantity tlhan stapaiylococ1. Gouiiouoiy
streptococci in an aerosol state are more sensitive to unfavorablo
factors of the external environment in coniparison with staphylococci.

Investigations for studyinl; the aerodynamic properties of the
dust-borne phase of an aerosol of the tested microorganisms were
carried out at a temperature of 18-220 and relative air humidity of
45-601. One hour after the seeding 7.5Q' of streptococci and 17.5p
of staphylococci remained viable in it. Two hours after formation
of the dust-borne phase of the aerosol 4; of streptococci and 12.5/
of staphylococci preserved tneir viability.

By the end of the 8th hour of existence of the aerosol 6/o of
the staphylococci and O.1c of t.o streptococci remined viable in
the air. These findings also testify that staphylococci in the dust-
borne phase of an aerosol are more stable than streptococci.

also important are findings on the length of survival of staphy-
lococci and stroptococci on various objects in the environment sur-
roundin; man following their contamination by droplet and dust-borne
phases of aerosols. For clearing u? this problem various test objectj
- fragments of cotton, wool tricot fabric, -lass plate, porcelain,
and wood - were placed in an hervitic chamber and seeded with tne
test microorganisms in the droplet or dust-borne phase of an aerosol.

The microbe-infected test objects wore transferred to giasz
desiccators, the covers of which wero equipped with a cotton filter
(for ensuring the entry of sterile air), and iresorvod under various
conditions of accomiodation for a prolon;ed period. During storage
the test objects were subjected to becteriolojical investigation.

Colonies of stapikylococci and streptococci, sown out from the
test objects after various periods of storago, wore subictod to
a thorough study. Here thoir morphological and biological properties
wore oheckeds which made it possible to obtain a concept not only of
the duration of survivals but also of the preservation of biological
activity by these microorl;anisrs.

The duration of preservation of viability and biological
activity of staphylococci and streptococci on tae tostod objects, as
the observations showed, fluctuated from several days to several
months, The duration of survival of these microor(janisms under var-
lous conditions of storage of the test objects Is influenced by tao
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initial aim.ount of -hcan aplicd to this or tiat Object, in a sill
quantity (Lens of cells p~r 1 c1 2 ) surviva1 is 9rt.servo for f'ro
2-1 days (streptococci) to 6-27 days (staphylococci); in a lar-e
quantity (tens of thousands) to raicrobes survived, as a rule, for
from 6-5 wveeks (strcptococci) to o-8 monts (stapcnylococci). On
objects which ware stored in the dark these microorgainisns survive
2-3 times loneor than under conditions of natural light.

iolo,,ical activity (virulonco) of tilo toatud nicroorganisms
under those conditions is also preserved for different periods. Thus,
staphylococci on objects which viere sown ;,with the droplet pimsu of the
aerosol under conditions of darkness )reserved virulence for white
;.ice for from 6-16 to b0-84 days. .iith the aamission of natural
light they lost their virulence correspondingly in frit 5-8 to 18-45
days. Virulence of staphylococci, somn on objects in the form of the
dust-borne phase of an aerosol is preserved for more prolonged jperiods.
Under conditions of natura:-l light in the bacterial dust these micro-
organism remained virulent for from 9-17 to 54-95 days. Staphylo-
cocci preserved their virulence for tae longest period in the dark
(correspondingly from 20-36 to 142-176 days).

An analogous regularity is noted also in respect to streptococci.
With the admission of natural light they lost their biological activ-
ity comparatively rapidly - in the droplet phase by the 3-7th, and
in tie dust-borne phase by the 8-18th day. In the dark these prop-
erties of streptococci viere preserved correspondingly from 6-14 to
20-25 days.

These findings testify that hemolytic staphylococcl, sown on
various objocts, are little sensitive to desiccation and therefore
are ireserved on them for lond perlods both in rne dark and with the
admission of scattered light. Homolytic streptococci turned out to
be quite sensitive to desicnation under the same conditions of their
existence. Thus, hemolytic stapiylococci, being preserved on seeded
objects under unfavorable conditions for longer periods In oompari-
son with hemolytic streptococci, without a doubt present a Creater
threat both in a sanitary and epidemiolo,ioal respect.

Cone lus ions

1. The orlodas of proserintion of viability of hemolytic staity-
lococci and streptococci in an aerosol state depend not only on tae
tomprature-huni dty regimen of tao air medi s, but also on the nature
of tao liquid used for preparation of suspensions of taem. Those
mitrobos preserve viability for th4 longest period In an Perosol
which is formed from a suspension prepaed on distilled water with
5; serum.

2. lomolytic staphylococci in an aerosol, formed on distilled
water with 6% serum, remain 'iable for 8 days, while homolytic stre,-
tococci under these same conditions are revealed in the air only for
3 days* Biological activity of 3treptocoool htre Is iresorvod for
I day, and of staphrlococci - for 6 days*

9.



3. Sta..hylococci, found in C form f no doC't or CaI-b orne
phase of an aurosol, are i Lle so nitive o the if iuce of' 1o,1
temperature (16-2i j and J-o(ierate relative huiidity -. .. a
hig;h relative huriidity (80-87%) and increased te:iperaturo (27-230)
their necrosis in the air is speeded up noticeably. Under tnose con-
ditions they arc preserved in the aerosol st ,te for 3 days.

4. Streptococci in an aerosol state are very sens-tivo %o
increased temperature at harnu'ull indices of relativo au~iQ-ty (6
1High relative huaidity (80-87,.) with increased temperature (27-28 )
intensifies the influence of tae latter on their survival in the air.
Under these conditions"streptococci are preserved in an aerosol for
only 12 hours.

5. \;:aximum periods of survival of staphylococci (8 days) and
streptococci (3 days) in the air and the preservation of their biolog-
ical active (correspondingly 6 days and 24 hours) are recorded at a
temperature of 14-16'T and moderate indices of relative hwaidity (45-60').
Apparently an increase of relative humidity at a comparatively low
temperature of the air medium of the accom modation can promote the
effect of aerogenic contamination.

6. On objects, sown with the droplet phase of an aerosol, staphy-
lococci in the dark at room tem perature remain viable for from 13 to
106 days. Their virulence under these conditions is preserved fro.. 6
to 84 days. iith the admission of natural light they are preserved
for from 5 to 64 days. Here the staphylococci lose their virulence
in 5-45 days.

7. 'Staphylococci, seeded on objects in the form of the dust-borne
phase of n aerosol, under conditions of darkness survive for a longer
period (from 67 to 212 days). Their virulence under these conditions
is preserved for from 20 to 176 days. 'Iith the admission of n.tural
light t. ey remain viable for 18-115 days, and their virulence is pre-
served for 9-95 days.

8. Streptococci, seeded in the form of the droplet phase of an
aerosol on objects, are preserved in the dark for 4-12 daysi their
virulence is lost in 2-6 days. Upon admission of natural light they
remain viable for 2-8 days, and they lose their virulence in 1-4 days.

9. -Streptococci, seeded on objects in the form of the dust-borna
phase of an aerosol, preserve their viability in the dark for from 10
to 62 days. Their virulence is preserved for from 6 to 57 days. - With
the admission of natural light their viability i. reduced to 6-35 days,
and virulence is preserved for from 3 to 20 days.

10.'-^Iumolytic staphylococci are preserved in an aerosol state
and on objects of the work unit for considerably longor periods than
heiolytic streptooocci' Therefore, in the capacity of sanitary-sig-
nificative microorganisrn for an appraisal of the air medium of sick
quarters it is necessary to consider not streptooocci but hemolytic
staphyl ococci.
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